Four experiments examine whether spatial location information is more likely to be encoded with the memory representation of objects than of words. Sixteen objects or the one-word verbal labels for each were studied on a matrix display, followed by a recall test and then a relocation test. In each experiment, an independent variable known to affect item recall was introduced to test whether spatial location memory would concern itantly vary for both objects and words. In Experiment 1, recall of both objects and words increased with age of the subjects. However, relocation accuracy increased for objects but not for words. In Experiment 2, visual imagery instructions generally improved memory for words without affecting relocation accuracy. In Experiments 3 and 4, prolonging the test delay diminished recall for objects and words. However, relocation accuracy decreased only for the objects. In each experiment, item memory was affected independently of location memory for words but not for objects. The results suggest that different processes are involved in encoding item and location information for words but not for objects.
of automatic processing. However, several other studies have offered evidence to the contrary, that the spatial location of items is not encoded with the memory representation of items (Kail & Siegel, 1977; Schulman, 1973; Zechmeister, McKillip, Pasko, & Bespalec, 1975) . These inconsistent findings are the motivation for the present study.
One possible explanation for the conflicting results in the aforementioned studies is based on the type of stimuli used. Whereas most of the studies reporting automatic encoding of spatial information used pictures or objects as stimuli, the majority of the studies that failed to find automatic encoding of spatial information used verbal stimuli. The task in Kail and Siegel*s (1977) experiment was for subjects to remember where individual letters were placed on a spatial display. Schulman (1973) presented subjects with arrays of words, and Zechmeister et al. (1975) had subjects learn the placement of words on a page. In each of these studies it was concluded that spatial location was not automatically encoded with memory for the words or letters. On the other hand, Mandler et al. (1977) had subjects learn a matrix display of objects and von Wright et al. (1975) presented subjects with pictures. These studies concluded that spatial location was automatically encoded with memory for the objects or pictures. No explanation is available for the discrepant findings of Rothkopf (1971) and Zechmeister et al. (1975) , both involving learning the location of words on a page.
The purpose of this study is to attempt to resolve these conflicting results by testing the hypothesis that spatial location is more likely to be retained with the memory representation of objects than of words. It is reasonable that the relation between memory for items and their visual/spatial properties, including spatial context, is more important for the semantic interpretation of pictures and objects than for interpreting words. If so, it would be expected that the memory representation of pictures and objects would be more likely to include these visual/spatial properties than would the memory representation of words. In other words, it is predicted that the processes that are activated for encoding objects are more likely to also encode the location of the objects or the spatial interrelations among the objects than are the processes that are activated for encoding words.
This relation has been suggested by Park and Mason (1982) and Park (1980) . In these studies it was reported that the locations of pictures were better recalled than the locations of comparable words. However, the finding that intentional instructions to learn location showed comparable effects on the improvement of location memory for words and pictures (Park & Mason, 1982) makes their conclusions less than conclusive.
Support for the second half of the hypothesis, that spatial location is less likely to be stored with the memory representation of verbal stimuli, has been offered by Salthouse. Salthouse (1974 ,1975 reported that concurrent spatial and verbal memory tasks did not interfere selectively with each other and thus, that these tasks appear to involve different cognitive processing systems. Therefore, the spatial locations of verbal stimuli are not likely to be encoded with the memory representation for these stimuli without activating additional processes.
The present study includes four experiments to test the hypothesis that spatial location is more likely to be encoded with the memory representation of objects than of words. In the presentation phase of each experiment 16 common items were presented at one time on a matrix display. The items were presented as (a) 16 small toy objects or (b) the one-word labels for these 16 objects, varied between subjects. A test phase followed in which subjects first recalled the items and then relocated all 16 items on the display.
In addition, in each experiment, an independent variable known to affect item recall was introduced. In Experiment 1 the principal independent variable was the age of the subjects. In Experiment 2 the principal independent variable was the presence or absence of visual imagery instructions. In Experiments 3 and 4 the principal independent variable was immediate versus delayed test. In each experiment the critical comparison is the test of whether with objects and with words, factors that affect item recall will concomitantly affect memory for the spatial locations of the items.
If items are better recalled under the manipulated conditions in this study, one interpretation is that more information about each item is retained in the memory representation. This additional information that enhances recall of objects is predicted to include spatial location information. On the other hand, it is predicted that this additional information that enhances recall for words is less likely to include spatial location information. It is thus hypothesized that spatial location is more likely to be encoded with memory of objects than of words. According to this hypothesis, when recall of objects is varied, concomitant changes in location memory of the objects will result. On the other hand, factors that affect recall of verbal stimuli are not predicted to affect memory for the location of these stimuli.
Experiment 1
In Experiment 1, second graders, fifth graders, and high school students were tested on recall for items and memory for the spatial locations of the items. It has been well documented that memory for pictures (cf. Hoffman & Dick, 1976) , objects (cf. Mandler et al., 1977) and words (cf. Ackerman, 1981) increases with age from childhood to middle adulthood. Experiment 1 tests whether spatial location is more likely to be encoded with the memory representation of objects than of words by testing whether the age increase in recall of objects and words is accompanied by an increase in memory for the spatial locations of both objects and words.
In Experiment 1,16 items were presented at one time on a matrix display. A test phase followed in which subjects first recalled the items and then relocated all 16 items on the matrix. The items were presented as (a) 16 small toy objects, (b) the objects plus the one word verbal label for each, or (c) the 16 verbal labels alone. The objects plus words condition was included to test if the addition of verbal labels to objects affects relocation accuracy for these items relative to the objects alone condition, and whether this pattern changes developmentally. The use of subjects from the second and fifth grade in Experiment 1 follows from findings by Piaget, Inhelder, and Szeminska (1960) , and others, that a developmental change in the cognitive representation of location information occurs between the ages of 7 and 10.
Method
Subjects and design. Subjects were selected from three age groups in the same population. Forty-eight second graders and 48 fifth graders participated from Preston Elementary School, Rialto, California. The young adult sample was composed of 48 high school juniors and seniors who volunteered from classes at Cajon High School, San Bernardino, California. Equal numbers of male and female students were randomly assigned to each of two orders of arranging the stimulus items on the display matrix. Within each age group, equal numbers of subjects were presented with the same 16 stimulus items in one of three forms; these were (a) the objects alone, (b) the objects plus a verbal label for each, or (c) the verbal labels alone. Stimulus type was thus varied between subjects.
Materials. Sixteen small toys and household objects were used as stimuli. Each was easily identifiable and within a limited size range. The stimulus set included the following items: cat, ring, ball, thread, horse, car, nail, pin, candy, flower, button, cowboy, flag, watch, bear, train. A larger set of stimulus items was pretested with a different group of second graders to ensure that the subjects knew what each item was. The items selected for the study were identified by 95% of the second graders tested. The verbal items were hand-printed, one-word names for each of the 16 objects. Each was printed on a card 7 cm by 2 cm, which covered approximately the same surface area as the average-sized object. In the objects plus words condition, each of the 16 objects was presented together with its corresponding printed one-word label in one cell of the matrix display.
The display area was a six by six square matrix, with each square measuring 7.6 cm square. The matrix was placed in a low box with a cover on top, positioned on the table top in front of the seated subject. Sixteen of the 36 squares were randomly selected for the placement of stimulus items, with the restriction that four items were placed in each quadrant of the matrix. Each of the 16 items was then randomly assigned to one square, leaving 20 empty squares in the matrix. Items were presented in the same orientation relative to each subject throughout the experiment. Two sets of location orders were generated in this way.
Procedure. Subjects participated individually in the study phase followed by an intervening task and then the test phase. In the study phase Note. Range = 0-16 for all data.
subjects were seated at a table and viewed the stimulus display for 60 s. They were instructed to "look at the items in the box and try your best to remember what is there. I will later ask you to tell me what things you can remember from the box." At the end of the study phase, each subject was moved to another table and participated in the intervening task for 3 min. This task involved circling all of the is on a random number sheet. The intervening task was included to ensure that both tests measured retention from long-term memory.
The test phase consisted of a recall test followed by a spatial-relocation test. Subjects were first asked to recall verbally all of the items they had seen in the display. The experimenter recorded the items recalled. The recall test was terminated when the subjects indicated that they were finished. Subjects were then returned to the original display matrix from which all items from the study phase had been removed and placed to the side. They were asked to place each of the 16 items in the square where it had been in the first part of the experiment. Subjects were free to move the items until all 16 items were located as accurately as they could remember. This task was self-paced with a maximum time of 5 min.
Results
The dependent variables of interest were mean number of items recalled and mean number of items relocated in the correct square on the display matrix. Because the recall and relocation tests were conducted separately, and because all 16 items were replaced in the relocation test, these two tests provide independent measures of item memory and spatial memory. Location memory was also measured in terms of displaced-relocation error, that is, the mean number of squares in the matrix that each item was displaced from the correct square using a city block metric. The results with the displaced-relocation measure replicated the results with the frequency correct relocation measure, and thus, only the analysis of the frequency correct measure will be reported here.
The mean recall and relocation data are presented in Table 1 as a function of age and stimulus type. An analysis of variance (ANOVA) was performed on each dependent variable separately. Between-subjects factors were age, stimulus type, sex and order. Significant results are reported at p < .05, unless otherwise stated.
Recall increased significantly with age, F(2, 108) = 47.33, MS t = 3.21, and stimulus type significantly affected recall, F{2, 108) = 26.91. As can be seen in Table 1 , more items were recalled in the objects alone and objects with words conditions than in the words alone condition.
The relocation data were analyzed next. Age, F{2, 108) -5.22, MS e = 8.08, and stimulus type, F(2, 108) = 44.88, were significant. Of particular interest in the present study is the marginally significant Age X Stimulus Type interaction, 7*1(4,108) = 2.25, p = .07. As can be seen in Table 1 , in the objects and objects plus words conditions, relocation, like recall, increased significantly with age. However, in the words alone condition, relocation accuracy was low and did not vary with age.
!
In Experiment 1, the principal manipulation was the age of the subjects. As the age increased, recall for objects, objects plus words, and words increased significantly as was predicted from previous studies. The more interesting effect, however, is the concomitant effect on location memory for each type of stimulus. As predicted, recall for objects and objects plus words increased with age and Location memory also increased significantly. On the other hand, recall for words increased with age but location memory was the same at each of the three age levels. The fact that recall and location memory were independently affected as a function of age for words, but not objects or objects plus words, suggests that different processes are involved in encoding item and location information for words but not for objects. The hypothesis that spatial location is more likely to be encoded with the memory representation of objects than of words is thus supported.
Finally, in Experiment 1, the objects plus words condition was included to test if the addition of verbal labels to objects affects relocation accuracy for these items relative to the objects alone condition, and whether this pattern changes developmentally. As can be seen in Table 1 , both recall and relocation of items in the objects plus words condition were similar to performance in the objects alone condition and significantly different from performance in the words alone condition. This pattern of results was consistent at each age. Thus, the addition of verbal labels to objects did not affect relocation accuracy of these items relative to the objects alone condition. This finding provides additional support for the hypothesis that spatial location is more likely to be encoded with the memory representation for objects than for words.
Experiment 2
Experiments 1 and 2 were procedurally similar. Sixteen objects or the one-word verbal label for each were presented on a matrix display. Subjects were tested on recall and relocation 'Although the trend in the Age X Stimulus Type interaction was in the predicted direction, the statistics revealed that this interaction was only marginally significant. This is difficult to understand, given that, as can be seen in Table 1 , the main effect of age on relocation accuracy was highly significant, and that relocation accuracy actually decreased slightly with age in the words alone condition. The absence of statistical significance for the interaction term appears to be due to the fact that there were three levels of the stimulus type independent variable, and the increase in relocation accuracy with age was very strong across two out of the three levels of this variable. Interactions are always more difficult to detect statistically under these conditions. memory. The objects plus verbal labels condition was deleted from Experiment 2 because it did not differ from the objects alone condition in Experiment 1. The principal independent variable in Experiment 2 was the encoding instructions to subjects during the presentation phase. The encoding strategy was manipulated with instructions to (a) form a visual image of each item in the display or (b) study carefully each item in the display (the replication control condition). That imagery instructions improve recall, at least for verbal stimuli, has been well documented (cf. Bower, 1970) . Experiment 2 thus tests if the increase in item recall that results from visual imagery instructions concomitantly improves memory for the spatial locations of the items. If item memory and spatial memory can be independently affected for objects and/or words, then this would suggest that different processes are involved in encoding these two types of memory. Fourth graders as well as young adults were included to test the developmental stability of the findings.
Method
Subjects and design. Subjects were 64 fourth graders from Preston Elementary School, Rialto, California, and 64 high school juniors and seniors from North High School, Riverside, California. Equal numbers of male and female students in each age group were assigned to conditions defined by between-subjects variables of stimulus type (objects or words), instructions (visual imagery or study control), and order of arranging the items on the display (two orders).
Materials and procedure. The 16 objects and words from Experiment 1 were presented on the same display matrix. Subjects were given 90 s to study the display. The increase in study time was to allow subjects time to utilize the specific instructional strategy suggested. During the study phase, subjects in the imagery condition received the following instructions: "Try your best to remember what items are in the box. As you look at each item, form a picture of it in your mind, so that you see it clearly yourself." The control instructions were identical to those used in Experiment 1.
The study phase was followed by a 3-min intervening task, a recall test, a recognition test, and a relocation test. The only difference between the test phase in Experiments 1 and 2 was the inclusion of the recognition test in Experiment 2. The recognition test was added to provide another measure of item memory, one that relied less on retrieval ability. The recognition test included one-word names of the 16 objects seen in the study phase and one-word names of 16 other small objects and toys as distractor items. These 32 words were randomly arranged and typed one word to a page in a small booklet. Subjects read through the booklet and checked the names of items they recognized from the study phase. The recognition test was self-paced and took subjects approximately 2 min.
Results
The data were scored in several ways. The principal dependent variables were number of items recalled, the probability of a hit on the recognition test, and the number of items correctly relocated. Location accuracy was scored in terms of (a) the number of items correctly relocated, (b) the number of items placed on one of the "old" squares, regardless of whether it was the correct item, and (c) displaced relocation error. These measures were calculated to allow for comparisons with other studies on item and location memory that have used various combinations of these scores. Analyses of these three measures of lo- cation accuracy revealed very similar patterns of results. Thus, location results will be reported only in terms of the number of items correctly relocated, as in the principal analysis in Experiment 1. Also, the recognition data were analyzed on the basis of (a) percent correct, (b) probability of a hit, and (c) probability of a false alarm. Analyses of these three recognition memory measures yielded a consistent pattern of results, and thus only the hit rate data will be presented. The results on each of the three principal measures are presented in Table 2 as a function of age, stimulus type, and instructions. The hypothesized predictions were first tested with one-tailed a priori comparisons of performance in the imagery versus control instructions conditions. These comparisons were performed separately for objects and words in each of the two age groups. On the recall measure, the only significant difference was that the young adults recalled more words with the imagery (9.13) than control (7.38) instructions, f(60) = 2.38. On the recognition measure, the probability of a hit with words was significantly greater with imagery than with control instructions for fourth graders (.82 vs. .65), t(6Q) -3.66 and for young adults (.87 vs. .75), Z(60) = 2.78. Imagery instructions did not yield significant differences in recognition of objects. On the measure of location memory, there were no significant differences between the number of items correctly relocated in the imagery versus control instructions conditions for objects or for words (all ft < 1.0).
Thus, for words, imagery instructions significantly improved recall (although for young adults only) and recognition (for both age groups) without producing a concomitant increase in relocation memory. For objects, imagery instructions did not produce a significant difference from control instructions on any measure. One interpretation of the absence of a difference between imagery and control instructions on recall and recognition of objects is that subjects were imaging the objects without explicit instructions to do so. Nonetheless, the finding that imagery instructions generally improved recall and recognition for words, without producing an improvement in relocation memory, offers additional support for the hypothesis that different processes are involved in memory for words and their spatial locations.
An ANOVA was next performed on the recall, hit rate, and relocation data separately. The between-subjects factors in each analysis were age, stimulus type, instruction, sex, and order. The analysis of the recall data revealed that adults recalled more than fourth graders (9.32 vs. 6.47), F(U 96) = 78.44, MS t = 4.32, and more objects were recalled than words (8.84 vs. 6.94), /{1,96) = 57.85.
Although type of instruction did not significantly affect recall, instructions did significantly affect the recognition hit rate, F{\ t 96) = 7.28, MS t = .016, and resulted in a significant Instruction X Stimulus Type interaction, f\ 1, 96) = 4.99. As can be seen in the center portion of Table 2 , although the overall hit rate was higher in the imagery than control instruction condition, this difference was significant for words but not for objects. This Instruction X Stimulus Type interaction did not significantly differ between age groups (F < 1.0). In addition, adults averaged a higher hit rate than fourth graders (.86 vs. .76), i^l, 96) = 30.76, and the hit rate for objects was higher than for words(.84 vs. .77), F{\ t 96) -20.64.
The ANOVA performed on the relocation data revealed that adults correctly relocated more items than fourth graders (7.38 vs. 5.78), F{i t 96) = 20.05, MS C = 8.23, and more objects than words were correctly relocated (9.53 vs. 3.63), F{l t 96) = 226.33. The main effect of instruction on relocation accuracy and the Instruction X Stimulus Type interaction did not approach significance (both Fs < 1).
The principal result of Experiment 2 was that memory for words and their spatial locations were independently affected by imagery instructions. This result suggests that different processes are involved in memory for words and their spatial locations.
Experiment 3
Experiment 3 was procedurally similar to the first two experiments but used only college-age subjects. Sixteen objects or the one-word verbal label for each were presented on a matrix display. Subjects were subsequently tested on recall and relocation memory. The principal independent variable in Experiment 3 was test delay, 30 s versus 90 s. It is well established that memory declines as the elapsed time between presentation and test increases (cf. Ebbinghaus, 1885; Murdock, 1961) . Experiment 3 tests if the decline in item recall that results from increased delay concomitantly diminishes memory for the spatial location of the items. Again, if item memory and spatial memory can be independently manipulated for verbal and/or visual stimuli, then this would suggest that different processes are involved in memory for these two types of information.
Method
Subjects and design. Subjects were 56 undergraduate students recruited from the Claremont Colleges. Equal numbers of male and female students in each age group were assigned to conditions defined by between-subjects variables of stimulus type (objects or words), test delay (30-s or 90-s delay), and order of arranging the items on the display (two orders).
Materials and procedure. Sixteen objects or 16 words were presented on the same display matrix as was used in the first two experiments. The subjects were given 60 s to study the display, as in Experiment 1, and were given the same control instructions used in Experiments 1 and 2. The study phase was followed by a 30-s or 90-s intervening task. This task involved circling all of the 5s on a random number sheet. Subjects were then tested on recall and relocation using the same procedures as in the previous experiments.
Results
The dependent variables of interest were mean number of items recalled and mean number of items relocated in the correct square on the display matrix. These data are presented in Table 3 as a function of test delay and stimulus type.
An ANOVA was performed on the recall and relocation data separately. The between-subjects factors in each analysis were stimulus type, test delay, and order. The analysis of the recall data revealed that more items were recalled in the 30-s than 90-s delay condition (12.43 vs. 10.93), F{U 48) = 16.04, MS C = 1.96. The difference between recall of objects and words was marginally significant (12.04 vs. 11.32), *U, 48) = 3.64, p = .06. However, the Stimulus Type X Test Delay interaction did not approach significance.
Turning to the relocation data, objects were more accurately relocated than words (10.82 vs. 6.00), /(1,48) = 52.22, MS C = 6.23. The main effect of test delay was not significant, but this was because of the direction of the significant Test Delay X Stimulus Type interaction, F(l, 48) = 8.67. As can be seen in Table 3 , relocation accuracy decreased with test delay for objects, but actually increased with test delay for words.
Thus, test delay significantly diminished recall and relocation Note. Range = I -16 for all data. memory for objects. However, with verbal labels, test delay diminished recall but did not diminish relocation accuracy. These results suggest that different processes are involved in item memory and location memory for words but not for objects, and support the hypothesis that spatial location is more likely to be encoded with the memory representation of objects than of words. However, because of the peculiar result that relocation accuracy for words actually increased with test delay, it was deemed necessary to replicate Experiment 3. Experiment 4 was conducted for this purpose.
Experiment 4
Method Subjects and design. Subjects were 80 adults who volunteered to participate from the waiting room for jury duty at the San Bernardino County Courthouse, selected over a 2-month period of time. Subjects participated individually in a small room adjacent to the jury assembly room for about 10 min. The subjects' mean age was 39.6 years (range = 26.2-52.3). Twenty subjects participated in each of the four conditions defined by between-subjects variables of stimulus type (objects or words) and test delay (30-s or 90-s delay). Approximately equal numbers of male and female subjects participated in each condition.
Materials and procedure. The materials and procedure were the same as those used in Experiment 3. The items were placed on the matrix following two different orders. Half of the subjects in each condition were randomly assigned to each condition of order.
Results
The dependent variables of interest were mean number of items recalled and mean number of items relocated in the correct square on the display matrix. These data are presented in Table 4 as a function of test delay and stimulus type.
An ANOVA was performed on the recall and relocation data separately. The between-subjects factors in each analysis were stimulus type, test delay, and order. The analysis of the recall data revealed that more items were recalled in the 30-s than 90-s delay condition (12.88 vs. 11.05), F{\, 72) = 34.14, MS t = 1.95. The difference between recall of objects and words was marginally significant (12.25 vs. 11.68), F{1, 72) « 3.39, p < .07. The Stimulus Type X Test Delay interaction did not approach significance.
With the relocation data, objects were more accurately relocated than words(11.00 vs. 6.88), F{\, 72) = 54.66, MS e = 6.23. The main effect of test delay was marginally significant; the immediate test yielded more accurate relocation than the delayed test (9.48 vs. 8.40), F{\ t 72) = 3.71, p < .06. Most important, however, the Test Delay X Stimulus Type interaction was significant, F(l, 72) = 6.52; test delay significantly diminished relocation accuracy for objects but not for words.
Experiment 4 replicated the principal results of Experiment 3. That is, test delay significantly diminished recall and relocation memory for objects. However, with words, test delay diminished recall but not relocation memory. These results suggest that different processes are involved in memory for items and their spatial locations for words but not for objects. These findings support the hypothesis that spatial location is more likely to be encoded with the memory representation for objects than for words.
The second purpose of Experiment 4 was to examine the unusual result in Experiment 3 that relocation memory for words was actually better in the 90-s than in the 30-s delay condition. This effect was not replicated in Experiment 4; there was no difference between relocation memory for words in the 30-s and 90-s conditions. The peculiar result in Experiment 3 therefore appears to be a spurious effect, most likely attributable to chance variability.
General Discussion
Four experiments were conducted to test the hypothesis that spatial location is more likely to be encoded with the memory representation of objects than of words. According to this hypothesis, when recall of objects is varied, concomitant changes in memory for the locations of the objects will result. On the other hand, it was hypothesized that manipulations that affect recall for words would not affect memory for the locations of these words.
The hypothesis was generally confirmed in the four experiments. In Experiment I, recall of objects, objects plus words, and words alone increased with the age of the subjects. However, relocation accuracy increased for objects and objects plus words but not for words alone. In Experiment 2, with words, imagery instructions significantly improved recall (although for young adults only) and recognition (for both age groups) without affecting relocation memory. With objects, imagery instructions did not produce a significant difference from control instructions on recall or relocation measures. In Experiments 3 and 4, test delay significantly diminished recall and relocation of objects. However, with words, test delay diminished recall but did not diminish relocation accuracy.
In each experiment, manipulating memory for objects produced a comparable effect on memory for the locations of objects. However, memory for words and memory for the locations of words were independently affected. In addition, in each of the four experiments, objects were more accurately relocated than words. Together, these results support the hypothesis that spatial information is more likely to be encoded with the memory representation of objects than of words.
These results offer one interpretation for the discrepant findings in the literature regarding whether spatial location is encoded with the memory representation of items. Whereas, for example, Mandler et al. (1977), using objects, and von Wright et al. (1975) , using pictures, have reported that spatial information is automatically encoded with memory for items, Kail and Siegel (1977) , Schulman (1973) and Zechmeister et al. (1975) , all using letters or verbal stimuli, have concluded that spatial location is not encoded with the memory representation of items. The results of our study question the notion that spatial information is generally encoded in an automatic-versuseffortful (cf. Hasher & Zacks, 1979 or all-or-none fashion. Specifically, the results of this study suggest that the nature of the materials, that is, objects versus words, affects the probability of encoding the spatial locations of the stimuli.
Consistent with this view, it is important to note that although the present study concludes that spatial information is more likely to be encoded with the memory representation of objects than of words, some spatial information is encoded with words. In most conditions in the present study, words were relocated correctly with better than chance accuracy.
What do the results of this study suggest in terms of how spatial location information is processed in memory? We take the view that spatial location is a type of contextual cue that is encoded with the memory representation of an item, as an attribute of the item in memory. As such, the processes that are activated for encoding objects are more likely to include encoding of the location of objects or the spatial interrelations among objects than are the processes that are activated for encoding words. This seems reasonable because visual/spatial properties are more important for the semantic interpretation of objects than of words. Also, these conclusions are consistent with findings by Park as well as Salthouse. Park and Mason (1982) and Park (1980) reported that the locations of pictures were better recalled than the locations of comparable words. And Salthouse (1974 Salthouse ( ,1975 reported that concurrent spatial and verbal memory tasks did not interfere selectively with each other, and thus that memory for verbal and spatial information involve different cognitive processing systems.
These results fit well with neuropsychological findings regarding spatial memory. A number of studies have suggested that the right hippocampus plays a central role in nonverbal visual memory (Milner, 1968) as well as memory for the spatial location of objects (Mishkin, Ungerleider, & Macko, 1983; O'Keefe & Nadel, 1978; Smith & Milner, 1981 . On the other hand, lesions to the right hippocampus do not appear to impair verbal processing such as self-ordered word recall (Petrides & Milner, 1982) , recall of nonsense syllables (Samuels, Butters, & Fedio, 1972) , and recall of word lists (Jaccarino-Hiatt, 1978) . However, each of these verbal processing tasks is impaired by left hippocampal lesions. Although no studies have specifically examined the locus of memory for the spatial location of verbal material, these results suggest that visual and spatial information are processed in the right hippocampus, whereas verbal information is processed in the left hippocampus. This neuropsychological evidence provides a basis for speculating about the mechanisms that result in spatial location being more likely encoded with memory of objects than of words.
We should point out the discrepancy between the results of the present study and results of an earlier study by Pezdek and Evans (1979) . In the earlier study, subjects studied a three-dimensional model of a city with 16 buildings placed on the display. In Experiment 1, the buildings were represented by (a) photographs of real buildings, (b) these photographs with verbal labels, or (c) the verbal labels alone. The 16 photographs, however, were all buildings, and verbal labels could not readily be generated to differentiate the identity of these different items.
With this class of materials, it was reported that location memory was more accurate in the verbal labels alone condition and photographs with verbal labels condition than in the photographs alone condition. That is, location information was more accurately retained with the words than with the pictures alone. These results are discrepant with the results of the present study. However, an important difference between the two studies lies in the type of pictorial stimuli used. Mandler and Johnson (1976) have discussed the importance of differentiating between (a) memory for the identity of objects and pictures and (b) descriptive memory for the physical characteristics of these stimuli. With the pictorial stimuli used in the Pezdek and Evans (1979) study, the identity of each building was not obvious in the absence of a verbal label. It thus appears that in this previous study, subjects encoded descriptive physical characteristics of the pictorial stimuli, but not necessarily the identity of these stimuli. In the present study, however, both descriptive information and identity information were available for encoding the objects. Thus, one interpretation of the discrepancy between the results of the present study and results of Pezdek and Evans (1979) is that perhaps when the identity of objects is obvious without providing verbal labels, the locations of the objects can be encoded with the visual features of the objects without requiring additional processing. However, when the identity of objects is not available without providing verbal labels, as with the pictorial stimuli used by Pezdek and Evans (1979) , the locations of the objects are not encoded well without additional processing.
These results have implications for numerous applied tasks that rely on location memory. These results suggest, for example, that the location of items in a menu on a computer display would be better retained if the items were represented as icons (e.g., as used by MacWriter) rather than as words (e.g., as used by Wordstar). Also, locations of key sights on city maps should be better retained if they were pictorially represented rather than simply verbally labeled. Finally, there is anecdotal evidence that the method of loci is an effective mnemonic aid if the to-be-remembered items are imagined in their specific locations rather than verbally placed there (Yates, 1966) . The results of the present study suggest that in examples such as these, location memory would be enhanced by presenting to-be-remembered items pictorially rather than verbally.
This study joins others in the area of memory for visual stimuli (cf. Biederman, Glass, & Stacy, 1973; Mandler & Johnson, 1976; Pezdek, in press; Pezdek & Chen, 1982) in addressing the question, When an item is remembered, what attributes of the item are encoded in memory? By comparing memory for the locations of objects and of words, this study identifies another important difference between the processes that operate on memory for these two types of stimuli.
